ABSTRACT Energy is an essential key to the progress of humanity and economic development. With the recent population growth, more energy resources are needed to be explored to handle fossil fuel power generation deficiency in correspondence to electricity demand growth. These resources' deployment is governed by the policy regulating projects' funding. Based on the Indian scenario, although the current policy in India provides the renewable energy sector investors with a reasonable internal rate of return (IRR), it still shows deficiencies when facing the fast population growth and the expanding demand for further renewable energy projects with respect to the limited local income. This situation necessities a reformation in the resource regulating policies for matching with the upcoming needs. To this end, this paper proposes a guided procedure, mainly targeting governance institutions to regulate funding requirements of solar PV projects (as a very popular renewable energy source) to encourage local investments for meeting the electricity demand growth by focusing on India as a case study. The proposed procedure considers policy reform as a function of the current policy by developing a criterion function and using an optimization technique in a data management program to determine the appropriate combinations of regulations through weights assignment. Also, a sensitivity analysis is implemented on the IRR as a function of the regulations under study. The results show that policy reform is achievable through the best combination of project regulations. 
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I. INTRODUCTION
Solar energy has a potential to generate electricity in many countries under the availability of mature economies. In many areas, generating electricity from this renewable energy source is an economically alternative solution to replace the conventional fossil fuels such as coal and diesel. Besides being a clean energy source and a fuel saver, solar photovoltaics (PV) systems can serve as alternatives for building new power generation stations. Although solar energy technologies require materials and components to generate electricity and their associated initial costs are high, the current costs are expected to be less by producing these equipment locally [1] . Private investors in the energy sector are looking for the government long term supporting policies to guarantee their investment credit [2] . Thus, a local encouraging investment policy in the area of green energy resources is needed as emissions from fossil fuel power plants is placing both global and local tensions on different countries [3] . The reasons for early failures in terms of attracting investment in the PV industry were limited to the outreach of technology, policies and the poor performance of early PV systems [4] . Early policies developed for popularizing PV were related to rural electrification through solar photovoltaic home systems [5] , [6] . The solar PV industry has presented a new way of creating employment, ecosystems and energy market for the uninhabitable conditions [7] besides their benefits and use for many (micro-) grid applications [8] - [15] . The investment for creating PV industry was mainly by the private sector entities from developed countries to develop a business that can curb the CO2 emissions [16] . By mimicking the policies that led to investments in developed countries, the developing countries were able to introduce policies like feed in tariff, green certificates, tax exemption, low interest bank loans, etc. [17] . Interestingly, calculations of the internal rate of return (IRR) cites that the distributed PV systems are more economical as compared to the centralized PV generation capacities [18] . Although the IRR of the rooftop systems is around 8% which is higher than the interest rates of bank loans, the share of the distributed PV systems from the total PV generation is still minimal. Among the factors hindering the local/distributed PV generation were property rights of rooftop PV systems, development of grid code for integration, tariff revisions, etc. [19] . At the same time, it was emphasized that the reduction of import taxes and establishing local supply of items for both PV panels and balance of the system, would greatly benefit the empowerment of growing PV industry [20] . In addition to those, the premium feed in tariff is still needed for the PV generation in order to help the IRR of the project reach 8-12%. This range is considered as a healthier range for attracting the investors of PV units [21] . The grid parity of the PV generation cost has prompted the government to scrutinize the feed in tariff, which in turn resulted in a bankruptcy situation of the financed investors [22] . Further, it is also recognized that policies and incentives to attract investments in PV industry can only be successful in the short run, and the greatest inspiration for investment is towards the environmental protection in the long run [23] . Among policies introduced to maintain the long term impact, the regulation of PV self-consumption has worked well for residential systems [24] . While it has almost no impact on the commercial investments, the industrial investments with the same regulations have witnessed a negative side of IRR.
The goal of this paper is to set up a guided procedure for regulating the government funding strategy for a local investment in the renewable solar energy projects accommodating population growth. The proposed guide would be most suitable for governance institutions and is provided based on a data management program to aid the analysis of a policy reform governing the investment in a renewable energy project. The target of this paper is to provide the governance institutions with a procedure that:
1. Defines a criterion function for regulating project funding and implementation; 2. Encourage local investors to expand investments in solar renewable energy projects for meeting population electricity demand growth through reforming the current government policy. This will guarantee the investors reasonable profits over the long run considering their limited local fund, 3 . Performs a sensitivity analysis on the IRR with respect to regulations governing project funding and implementation;
4. Suggests a direct optimization technique to set up a new policy to be placed on the project fund. This policy is determined as a function of the current policy applied in a selected developing country (India) as an example to regulate project funding and implementation. The procedure is recommended and can be extended to any other country where renewable energy projects are to be implemented. Also, a comprehensive study is recommended for governance institutions. It covers the background knowledge of areas with upcoming investments, specifically the geographical areas with high solar radiation and temperature levels. It considers the economic aspects of the project such as the project capital, operation, maintenance and manpower costs and incorporates decision making aspects. In the recent research [25] , the focus was to investigate the role of the current Indian regulatory policy in selecting the most economic renewable energy project from an investor's perspective by comparing alternative renewable energy projects. In this paper, the regulations of the solar energy project in [26] are to be compared with the proposed policy reform. To achieve this goal, the proposed study is applied on an updated cash flow structure [27] .
II. PROJECT FUNDING AND IMPLEMENTATION: REGULATIONS UNDER STUDY
Technically, investment in solar renewable energy projects is governed by both incentive and limiting policies. These policies can be made of a set of regulations which can cover the loan term of the project (TL), income tax rate placed on the project fund (IT), the selling price of electricity generated from solar PV system (P), the geographical location of the project (how far it is from the load centers) and the percentage of the local manufactured equipment from all materials used in the project.
If one look, for example, at the generic solar PV tariff, it is seen that it varies from one country to another and is driven by many factors such as the interest on working capital, depreciation, return on equity, and interest on loan [26] . In Uganda, a country in Africa, the price of electricity generated from solar PV is US$0.362/kWh for a term of 20 years [28] . Moving to Latin America, the price of electricity generated from solar PV in Argentina is US$0.242/kWh and the term is 15 years [29] . In Ontario, Canada, such a price is CAN$0.35/kWh (≈US$0.26/kWh) and the term is 20 years [30] . In Greece, in the European continent, the price of electricity generated from solar PV is 0.128/kWh (≈US$ 0. 0.246/kWh) in 2013 and the term is 20 years [31] . This price is updated every six month but the term stays the same [31] . As another case, in the Northern Part of Pakistan, the price of PV electricity is Rs.22.0197/kWh (≈ US$0.16/kWh) in the first 10 years and it is to drop down to Rs.9.1325/kWh (≈US$0.066/kWh) in the next 10 years [32] . Since this paper is mainly focusing on India and necessary reformulating policies, it is important to compare these prices to the Indian case. In India, the price of PV electricity for the term of the project is INR 8.75/kWh (≈ US$ 0.123/kWh) and the developer can file a petition to the commission to reconsider the tariff [26] . Thus, this work will focus on providing a strategic approach targeting entities involved in such a decision to overcome any conflict that may arise due to the price specification and reconsideration. The approach is subject to the specification of other regulations impacting the investment in the project.
When it comes to the geographical location, the efficiency of the PV system can be affected by this factor. In India, there is a huge debate on the topic as the capacity utilization factor (19%) applied when considering the Indian regulations is more suitable for specific regions in the Indian subcontinent [26] . Recommendations were given by stakeholders to establish further solar zones and reconsider such a definition carefully [26] . In this paper, we will stick to this available definition.
A. SELECTED REGULATIONS UNDER STUDY
In order to have a deep analysis, three regulations are chosen to be studied in this paper, namely TL, IT and P [27] . Here, the case study would be of 3MW PV system. It is important to clarify that such a selection of regulations would help to provide a simple example on how to utilize the offered procedure in reforming the policy governing project funding and implementation. The example can be extended to cover all regulations that can be placed on the project.
In a recent study in [25] , [26] , the regulations placed on an Indian solar energy project were 12 years' TL, 32.45% IT and INR 8.75/kWh (≈ US$ 0.123/kWh) P. These set of regulations represent the current policy which we are referring to in this paper. The IRR of the investment at this set of regulations is 14.70%. The NPW of the investment in this case is INR 23,857,321 (≈ US$ 334,002.494). This value indicates the sum of the present values of the current cash flow at year n = 0 and the future cash inflow in excess of the cash outflow (for years n = 1 to n = Y ) at a specific cash flow rate (ma) [33] as given by Eq. (1) [34] . A cash would represent VOLUME 7, 2019 the after tax cash flow which is an indication of inflows minus outflows. Since tax deductions are considered as outflows of in the cash flow of the project, this is the main reason behind the name assigned to the term.
The cash flow rate (ma) has been set to the value of a determined minimum attractive rate of return. The minimum attractive rate of return can be determined as the maximum of the following factors: 1) The cost of borrowed money defined by the interest rate placed on the debt, 2) The cost of capital (%) that can be found using Eq. (2) and is a function of both the debt and equity fractions of the capital cost of the project, and other rates placed on the project (ir, IT, S) [34] ,
3) The opportunity cost that is determined as the rate of return of the best rejected project as in [34] , and 4) The discount rate of Eq. (3) representing the interest rate compounded k * given that payments made on p * basis [35] , [36] . In our study, DR is equivalent to ir as the latter is compounded annually and the payments are made annually.
cost of capital(%)
= 100
Based on the above information, the minimum accepted rate of return is determined to be 13% when considering the financial structure of the solar PV project followed by [27] and evaluated at the defined current Indian policy in [26] .
B. REGULATION CATEGORIES
The objective of this paper is to reform a policy compromised of the following regulations (TL, IT, P). The policy is to be suitable for regulating project funding requirement and motivating new renewable energy projects and expanding existing projects. The reformed policy is to be determined as a function of the current government policy applied in India.
To this end, we first classify each of the available regulations based on a defined range of its corresponding value as given in Table 1 . According to Table 1 , the IT and P are classified into low, medium and high ranges; while the TL is classified into short, intermediate and long ranges. The policy suggested in [25] , [26] was placed on the project financial structure based on a medium IT, an intermediate TL and a medium P. The ranges provided for such classifications can vary from one country to another. In this paper, these ranges have been placed under the assumption that there are u sample size data of each studied regulation, and such data are arranged heuristically. These randomized data are to be placed in a data management program for policy reform as described in the next section. 
III. DATA MANAGEMENT PROGRAM
A data management program is developed to select a policy governing project funding. Such a policy is composed of a set of proper regulations such that the most sensitive regulation is given more weighting factor so that investors are encouraged to invest in or expand their renewable energy project to meet electricity demand growth. The policy is to be satisfactory assuring them a reasonable NPW. Also, the data management program is used to specify in which category two regulations should lay given that one regulation category is identified by providing a data matrix. Each regulation category indicates a column in the data matrix which holds a net present value of the project determined at every entry of the index array corresponding to a policy reform case study. This approach is considered under the condition that two regulations are placed at a reference point defined by the current policy (32.45% IT , 12 years' TL and INR8.75/kWh (≈US$0.123/kWh) as P [25, 26] ), and one regulation is selected from the search performed by the data management program. The data management program performs a search for other possible values of the studied regulation to compromise a policy governing project funding and implementation. The search performed by the data management program is based on generating regulations data from a normal distribution whose mean is at a reference point under the condition that 99% of the data are within three standard deviations (3σ ) as shown in Fig. 1 .
When all three columns are generated by the data management program, the maximum net present worth of the project corresponding to each column is determined. All entries in the data matrix are to be divided by this value in correspondence to the relevant regulation category. The data matrix will be built of ratios of the net present worth of the project. The data management program is to explore the best possible set of regulations reforming a policy based on a criterion function (CF). This function is defined as the summation of predetermined weighting factors multiplied by the net present worth ratios calculated in the data management program as will be further discussed in Section V. The weighting factors represent the relative importance of the regulation value to project funding and implementation.
In order to have a better understanding, a sensitivity analysis is considered to determine the values of these weighting factors corresponding to each regulation under study. This sensitivity analysis is performed by the data management program on the variation of the regulation value, and its impact on the IRR is assessed such that the sum of all weighting factors for all regulation categories in one policy reform compromising an index array in the data matrix is one. This condition is guaranteed by involving an optimization algorithm in the data management program to update the weighting factors obtained from the sensitivity analysis. This will be further explained in both Section V and Section VII.
The data management program will further search for all regulation categories. The main idea behind such an extension in the search is to find all possible policies designated by n * criterion functions. The data management program will not only provide recommendations to be placed on two regulation categories agreeing that the third regulation category is specified but it will also search for the maximum criterion function describing the best policy to be established as a reform of the current government policy on project funding and implementation. This reform is recommended as it would encourage investors to invest in or expand their renewable energy projects to accommodate the growing demand for electricity due to population growth. Fig. 2 presents a flowchart of the discussed data management program.
IV. THE LINK BETWEEN PROJECT FUND REGULATIONS AND ITS NET PRESENT WORTH
The regulations affect the NPWof the project through their impact on the after tax cash flow Acash (n). The latter is given by Eq. (4). Acash (n) is calculated for every year of the project life time including the year n = 0 that represents the year before the commercial operation of the project. In more details, the government would provide a rebate for investments in clean energy projects. Therefore, the capital cost of the project would be reduced by an amount of rebate in the year n = 0 as given by Eq. (4.1). From the first year of the commercial operation of the project to the last year in the TL, Acash (n) is calculated as the sum of pre-tax cash flow (Psh) and credits on the project minus the taxes. Psh represents the difference between the project revenue (In) generating from selling PV electricity and its operational charges (operation and maintenance cost and the cost of spares) excluding debt repayments, interest on working capital and project depreciation and is given by Eq. (6) . During the loan period, the project is subject to a tax holiday, which means no income tax is to be calculated but rather a minimum alternate tax (Mat) is to be considered [25] as indicated in Eq. (4.2). This minimum alternate tax rate (h) is applied on the deduced Psh by the amounts of debt interest, interest on working capital (W ) and project depreciation (DP) as given by Eq. (9) in part B of this section. Also during these years, the project would gain a value for carbon credits due to emission reduction deduced by the tax on such value of credits. For years after the loan period excluding the last year of the project, Acash (n)would account for the income tax as indicated by (Z ) in Eq. (4.3). For the last year of the project, the project may have a salvage value (svg). This value is to be compared to the book value of the project representing the difference between capital cost of the project and its total depreciation amount over years as discussed in [25] and any revenue is to be subject to tax. The amount of tax deductions is indicated by (J ).
In this section, the significant contribution of the regulations on a project fund to the NPWof the investment will be discussed. The regulations governing the investment in solar PV renewable energy project are the TL, IT, and P.
These regulations are studied given the knowledge of the geographical features of region where the project is to be implemented (CUF) as well as the project capital, operation, maintenance and manpower costs.
A. RATE OF IT
The income tax amount refers to the amount to be deducted from the income generated by the PV project after the TL. The idea of finding the appropriate IT to be placed on the project fund is implemented by finding the proper setting of this rate among other regulations to be placed on project funding and implementation. The local investor is provided with several rates to choose from when applying for government fund to invest in the solar PV project. Any variation in the IT will have a corresponding effect on Z (n) as shown in Eq. (6) and consequently an effect on the after tax cash flow component of the net present worth (A cash ) that is presented earlier by Eq. (4.3) and Eq. (4.4).
The value of Z is determined when IT is placed on the difference between the project revenue generated from selling PV electricity and the sum of the operation and maintenance costs, spares cost, and the amounts of the interest on the working capital and depreciation. The NPW IT in Fig. 2 has been found considering A cash (n) at a determined ma for every index array in the data management program.
B. TERM LOAN
The effect of the loan term on the net present worth of the solar PV project NPW TL has been investigated using the data management program. The variation in the TL values will have an effect on the annual debt repayment and thus the amount of interest (INR) to be paid yearly as given by Eq. (7) and Eq. (8), respectively [25] , [27] , [34] . It can be seen from Eq. (7) that the annual debt repayment (A) is a loan settlement made uniformly at the end of the year n of the TL at a specific ir [25] . Such a repayment is also a function of the amount of debt (C × debt) where debt is the contribution (in percentage) of the borrowed money to the capital cost of the project. This annual repayment can be looked at as two components, the actual borrowed money repaid yearly (not in equal amount) over the loan period and the amount of interest paid yearly (not in equal amount) for such a period of time. The amount of interest to be paid would impact the minimum alternate tax amount as shown in Eq. (9). Thus, it will affect Acash (n) in Eq. (4.2) and consequently the NPW value in Eq. (1). It is important to emphasize that TL will also have an effect on the duration of the tax holiday placed on the project financial structure.
C. PRICE OF SOLAR PV GENERATED ELECTRICITY
The price set for the electricity generated from the solar PV system is an important factor that can have a substantial effect on the investor's decision towards the solar PV project.
The P data generation in the data management program has been considered as clarified earlier in Section III. Any variation in Pwill affect Pshsince the earlier has an impact on the revenue generated from selling PV electricity as given by Eq. (10) that is a function of P(INR/kWh) and the amount of energy generated from solar PV. The latter is estimated from the capacity utilization factor of the PV system (CUF) indicating how much energy is produced yearly in reference to the rating of the PV system (RAT). Thus, the amount of anticipated energy production is determined through the multiplication of the CUF by the number of hours yearly (HR) by RAT [25] . The variation in In due to the variation in P will be reflected in Eq. (5) 
V. CRITERION FUNCTION FOR SELECTING THE BEST SET OF REGULATIONS GOVERNING LOCAL SOLAR PV ENERGY PROJECTS INVESTMENTS
As mentioned before, the objective of this work is to set guidelines that can be used by governance institutions to provide the local investors with the best regulations set reforming a motivating policy towards investments in new solar PV projects or expanding existing ones. The guidelines are determined following a method that formulates a value system as a mathematical statement presenting the regulations to be studied and their respective importance on the choice of a policy governing funding and implementing the project. To this end, the term CF in Eq. (11) can well-define such a value system.
Eq. (11) is composed of three variables including NPW r as the criterion variable of regulation r, ζ r as the weighting coefficient representing the corresponding importance of regulation r and |NPW r | max as the maximum absolute value of the criterion variable of regulation r. Here the subscript r refers to IT, TL and P, and m refers to the array number. Every criterion of variables (NPW IT , NPW TL, andNPW P ) parades a specific performance of the project economic structure. NPW IT can be defined as the net present worth of the project due to the taxable income rate parameter index, 54208 VOLUME 7, 2019 NPW TL can be recognized as the net present worth due to the TL parameter index, and NPW P can be described as the net present worth due to the PV electricity price parameter index. It is important to emphasize that the NPW is not restricted to a positive value. Even though negative NPW values indicate that the project is not acceptable, these values will be involved to obtain the best set of regulations as a part of CF. This can be clarified by the work presented in 1979 by Fishburn and Kochenberger, who proved the commonness of risk seeking in decisions including negative yields [37] . Thus, under this condition, considering the negative NPW values in the CF is not considered as a violation of axiom. Such an effect is taken into consideration in the data management program in one case study and is neglected in another case study as will be shown later in this paper.
A. WEIGHTING FACTORS
The weighting factors are pointers to the relative importance of the studied regulation categories to project funding and implementation. The combination of the set of regulations to achieve a reformed policy is subject to these weighting factors. Every weighting factor, corresponding to a regulation category, will assign a contribution of this regulation to the CF such that the final effect of all weighting factors results in a reformed policy. To find the corresponding importance of every criterion variable of regulation r, the weighing factors are to be assigned to each regulation under study by assessing the latter's nature in the project. The weighing factors signifies the regulation's corresponding importance in the decision making of the project funding policy. It is important to clarify that the weighting factor assigned to every regulation variable can have either a positive or a negative value based on the nature of the regulation under study. Adding the absolute values of the weights given to all criterion variables together should give a value of one as indicated by the below equation. Further clarification on how the weighting factors are determined will be provided next in Subsection B.
The best set of regulations compromising a policy to be recommended to governance institutions to encourage local investments in solar PV energy projects is determined according to the maximum value of CF. This is after evaluating all sets of CF determined for the regulations generated by the data management program. Fig. 3 presents a flow chart that summarizes the described method.
B. SENSETIVITY ANALYSIS AND NONLINEAR PROGRAMMING TO SELECT THE WEIGHTING FACTORS
The method presented in [38] , [39] has been prolonged to determine the best set of regulations governing the investment in the solar PV renewable energy project given that the characteristics of the area under study (solar radiation and temperature levels) and the economic features of the project are identified. The selection of the set of regulations compromising a policy is to encourage the investors to build new solar PV renewable energy projects or expand the current projects to accommodate population growth demand for electricity.
The weighting factors representing the relative prominence of each regulation to project funding and implementation have been selected according to a sensitivity analysis implemented on the IRR of the solar PV project in correspondence to the values of the regulations' parameters by considering five approaches (this will be described later). The IRR is determined for all regulation indices in the data matrix which are generated through the data management program. The IRR is plotted for every generated regulation data. The relationship between the IRR and the generated regulation data is recognized to be best described by a liner regression curve. The linear curve obtained when applying the least square approximation method is defined by a linear equation in the form of:
IRR r = ς r regulation r + α r (13) Here ζ r is a weighting factor that reflects how sensitive the IRR is to any variation in the regulation r under study and VOLUME 7, 2019 represents the importance of the criterion variable as the regulation index will affect it. It is important to emphasize that the other regulations are settled at the reference point at this step. The reason behind choosing the IRR to be plotted against the generated data of the regulations' parameters is that the slope determined from the least square approximation method should be a fractional number such that the weighting factors when added lead to a value of one while taking into consideration all other regulations to be studied. Since the IRR is less than one, the slope is anticipated to be less than one for every studied regulation index. The curves of IRR with respect to the regulations' data under study are plotted as given in Fig. 4 . It can be realized from Fig. 4 (a) that ζ TL is 0.0012, and α TL is 0.1323 in the case of plotting IRR with respect to TL. From Figure 4 (b), ζ TL is −0.0247, and α TL is 0.155 in the case of plotting IRR with respect to the IT. Similarly, it can be noticed from Figure 4 (c) that ζ P is 0.0215 and α P is -0.0462 in the case of plotting IRR with respect to the selling price of electricity generated from the solar PV system.
It can be seen from Fig. 4 that slopes of all curves are below one which is a requirement for ζ value. On the other hand, adding up the slopes corresponding to every linear curve relating the IRR of the solar PV project to the corresponding studied regulation index is found not to be one. As a result, these slopes cannot be the weighting factors. Thus, an adjustment should be made to the slopes. The target is to find the weighting factors such that their summation equals one.
The solution to this problem can be achieved through one of the following methods: 1) Representing each slope of the determined curves in Fig. 4 as a ratio of the absolute sum of the slopes belonging to each curve under study keeping in mind that the sum of these ratios is one, 2) Using a nonlinear programming algorithm to specify the weighting factors' optimal values, or 3) Applying an equal percentage variation to the regulations of the reference point and recognizing its effect on the IRR belonging to each regulation under study such that the obtained IRR at this variation is used as a ratio with respect to the sum of the determined IRRs as a result of such variation. The results of these three methods are compared to a fourth method in which 4) the weights have equal values and therefore equivalent importance. These methods are discussed next.
1) ς r AS A RATIO OF IRR CURVES' SLOPES
This method finds ζ r as the weighting factor emphasizing on how vital regulation r is to the policy on the project fund governing investors' decision towards new or further investments in renewable energy projects. The method is dependent on estimating ζ r by finding the ratio of the slope of IRR curve plotted against regulation r to the absolute sum of all curves' slopes linking the IRR to the different studied regulations such that the sum of these ratios is one. The values of ζ r are shown in Table 2 . The IRR mean square error, determined considering such an approach by adjusting the slope to the new determined value, is presented in this table too. It is essential to emphasize that such an approach is followed to assign different weights to the regulations under study to determine the most sensitive regulation in the decision making process. The error is found to be high but this is not necessary an indication that the followed approach is misleading. This can be proved by the results in Table 2 where it can be seen that the chosen set of regulations for a policy reform has led to the same conclusion of a reformed policy as in the case of the second approach for selecting the weighing factors utilizing nonlinear programming as described next.
2) NONLINEAR PROGRAMMING TO CHOOSE ζ r
In this part, a nonlinear programming algorithm is discussed to choose the weighting factors' optimal values. The objective function is to minimize the mean square error in the solar PV project's IRRs with respect to the regulation under study in comparison to the IRRs described by the linear functions relating them to the corresponding regulations' indices as determined from regression analyses. It is important to 54210 VOLUME 7, 2019 emphasize that ζ r values are decision variables in the optimization problem.
The optimization problem is formulated to find the weighting factors as shown below: min error = e IT + e TL + e P (14) where
The left hand side of the summation in Eq. (15), Eq. (16) and Eq. (17) represents the determined IRR based on the cash flow of the project when regulation r is under study. In comparison, the right hand side of the summation in such equations represents the general format of the equation of the best fitting line of the curves in Fig. 4 .
The objective function is subject to the following constraints:
The sum of the absolute values of the weighting factors corresponding to the regulations under study should be one as in Eq. (18) .
None of the weighting factors should have a zero value otherwise that would state the negligence of such a regulation importance in the study. Therefore, Eq. (19), Eq. (20) and Eq. (21) are set as constraints in the optimization problem
The weighting factors symbolize the slopes of the best curves fitting the data. The optimization problem can be formulated from two aspects. The first aspect is to set the weighting factors to be the only decision variables while the intercepts are assigned fixed values as found from regression analyses. The second aspect is to set the weighting factors and the intercepts of the best fitting curves found from regression VOLUME 7, 2019 analyses to be both decision variables in the optimization problem. These two aspects are investigated. The weighting factors of the case resulting in the minimum error as per the objective function in Eq. (14) will be chosen for further analysis. The results are presented in Table 2 .
3) ς r ESTIMATION UNDER THE EFFECT OF EQUIVALENT SINGLE VARIATION OF REGULATIONS' PARAMETERS ON THE SOLAR PV PROJECT IRR
This case considers 25% variation in the regulations under study and estimates individual IRRs corresponding to regulation indices. The weighting factors are established as ratios of the evaluated IRR r to the result of adding these IRRs. The effect of such an assumption in setting the values of zetas is shown in Table 2 . It has also been shown in this table how the decision towards a policy can be reformed in comparison to the previous two cases of setting the weights. In this case study, it can be noted that the price is prioritized over other regulations as the corresponding zeta value is found to be higher.
4) EQUIVALENT WEIGHTS OF ALL ς r
When the project net present worth is more concerned than a policy reform, equal weights could be assigned to each studied regulation category. In this sense, the case study of the maximum net present worth would be selected. Even though at first glance such a selection of weighting factors would seem more beneficial for an investor than the other cases, it is necessary to emphasize that what matters in the choice of the ζ r values is the importance of the contribution of a regulation category under study to project financing. In different words, reforming a motivating policy that can accommodate electricity demand growth through renewable energy supply projects while providing the investor with a reasonable profit is more concerned than the maximum net present worth. The earlier is facilitated by considering the most sensitive parameter index corresponding to a regulation category that can be easily adjusted at any stage to accommodate the electricity demand growth while the investors are guaranteed reasonable benefits all the time.
C. ς r VALUES AS OBTAINED FROM THE ALTERANTIVE METHODS
Assigning weighting factors to the regulations of a policy is considered as an approach to identify how important the regulation is to a policy reform. The policy reform employing such an approach is considered by investigating the combined individual effects of various regulation categories on the decision making aspect to encourage investors towards more solar PV projects to accommodate electricity demand growth. The reformed policy is determined as a function of the current government policy in the selected developing country (India) [25] , [26] . The proposed approach has the advantage of specifying which regulation effect is more vital in a policy by giving it more weight such that it can be utilized in the future to enable further renewable energy projects while considering the combination of other regulations' effects as well. To this end, various methods for finding the weights are considered. Some of these methods are based on the assessment of the minimized mean square error in the project's IRR as in case study 2 and case study 3 in Table 2 . Such methods take into consideration the variation in the regulation parameter's value given that other regulations' indices are set at the reference point defined by the current government regulations. Other methods are not necessary concerned with such an error as in case study 1, case study 4 and case study 5 in Table 2 .
When minimizing error is a priority, it has been found that smaller error is obtained when the weighting factors and the intercepts of the curves fitting the IRRs with respect to the generated regulations data from the data management program are established as decision variables in the optimization problem. The minimum error is determined at ζ TL = 0.001252, ζ IT = −0.97709 and ζ P = 0.021662. In this approach, the influence of ζ r on the IRR curves with respect to the regulations under study is shown in Fig. 5 , where the IT is shown to be more sensitive and thus given more importance. Based on the criterion function approach whose results are presented in the next section, it has been set up that the policy is to be reformed utilizing 14 years' TL, INR 13/kWh (≈US$0.182/kWh) as P and 41% IT to be applied on taxable income.
It can also be observed from Table 2 that when the error is concerned, every approach has led to the same policy reform which validates the proposed algorithm in setting a new policy as a function of the current government policy to accommodate more solar PV projects. Also, since ς can affect CF, case study 1 approach seems to be good. On the other hand, when the error is not concerned, a less accurate procedure is tracked utilizing a particular equivalent variation in each regulation studied aside from others to determine its effect on the IRR. In this case, 13 years' TL, INR13.2/kWh (≈US$0.185/kWh) P and 39% IT are determined to be the regulations of the new policy reform.
It can be realized from such an approach that the results are very close to the previous approach where the error was the concern. Although giving equal weights to each regulation type appears to be more beneficial from an investors' aspect, it is deficient in accommodating population growth of electricity demand. It is necessary to indicate that such a case might be more motivating to investors but not suitable for application from a government aspect because the application of such a policy will result in a reduction in the income to be gained by the government from renewable energy projects and will give priority to the investor profits. The case of VOLUME 7, 2019 minimum error is given the highest priority due to its consideration of alternative maxima influence of regulations on the NPW of the solar PV project for the purpose of a policy reform.
VI. CRITERION FUNCTION RESULTS
A decision matrix is built to find the best set of regulations configuring a policy on project funding using the concept of the criterion function. This decision matrix is to provide a suitable format for data management and organization demanded for the estimation of the CF in a formulated table. The technique is described by Table 3 . As can be seen from Table 3 , NPW ITS ,NPW TLL and NPW PQ represent the maximum criterion variables of NPW IT , NPW TL and NPW P columns, respectively. It is important to emphasize that CF is not calculated for any set of regulations if at any instance the ratio of the net present worth is one. This is because the denominator in this case is maximum and is considered to be the base to which we measure the variations in the NPV r with respect to regulation r. The results in Table 3 are some of the results obtained from the data management program and are shown here as examples for the procedure performance.
By utilizing the decision matrix layout in Table 3 and the criterion variables determined earlier in the previous section, the maximum criterion function is obtained at 14 years TL, 41% IT and 48.57% increase in the current price of electricity generated from the solar PV system (reaching ≈US$0.182/kWh) while considering not only the characteristics of the area over which the project is to be implemented 54214 VOLUME 7, 2019 but also the economic aspects that are features of the project financial structure. These regulations can be followed by governance institutions to reform a policy motivating local investors in the field towards solar PV projects to accommodate future population electricity demand growth while considering their long term commitment to the project. The NPW evaluated at the minimum accepted rate of return is found to be INR144,732,486 (≈US$2,026,254.804) under the determined regulations governing project funding and implementation. Moreover, the IRR in this case is 22.85% compared to NPW of INR 23,857,321 (≈US$334,002.494) and IRR of 14.7% at the reference point (12 years' TL, 32.45% IT rate and INR8.75/kWh solar PV tariff ≈US$0.123/kWh). The minimum accepted rate of return in the latter case is 13%.
VII. RISK NEGLIGENCE EFFECT ON POLICY REFORM
Risk can be accounted for by considering the negative net present worth in the criterion function. This consideration is defined as risk because the negative net present worth value indicates that the project is rejected. When such a consideration is neglected, its consequent influence will appear on the curve relating the IRR and the price of electricity generated from the solar PV project as less number of data is selected to avoid any rejected project. In this case, the slope and the intercept would be 0.0191 and −0.0197, respectively. Neglecting risk means minimizing the size of the matrix in the data management program accounting for only positive net present worth values. The values of the weighting factors are determined to be as in Table 4 . The results from the criterion functions evaluation are shown in this table as policy reforms. The final decision for a policy reform based on the maximum value of the determined criterion functions will not change compared to the case when the risk is considered.
VIII. TIME-COST ANALYSIS
This section discusses the time, effort and the infrastructure costs to develop and use the data management program and the proposed approach. Excel software was used. The anticipated cost includes the planning cost, development cost, training cost, software cost, simulation cost, one month technical support cost, and project management cost as displayed in Table 5 . The development cost includes the costs for data entry, cash flow sheet development, debt and interest calculation sheet, optimization sheet and CF sheet. The rates are calculated per hour at a wage of US$25 for the provider development team aspect and almost US$7.67 for the practice implementation cost. The latter is calculated given the Indian monthly wage rate in [40] .
The data management program cost is not to be incorporated in the economic analysis of the project cash flow as this is a sunk cost. Sunk cost, according to [41] , [42] , is defined as the investments made in three factors (time, effort and money) prior to the project. To further clarify, such a cost is not part of the capital cost of the project.
The data management program and the proposed approach are implemented using a laptop (2.6 GHz Intel Core 5).
The program and the approach can be run offline and the computation time is very fast.
The implemented approach assume that the utility scale of power plant should comply with grid code requirement and ensure secure operation with electric grid to get the grid license connection. In nut shell, the awarded projects for grid commendation should carry out the grid integration study and stratify all operational requirement.
IX. CONCLUSION AND POLICY IMPLICATION
In this paper, a guided procedure for governance institutions was proposed to encourage local investments in solar PV energy projects to accommodate population growth demand for electricity. The proposed procedure targeted reforming a policy governing investments for renewable energy projects. The proposed policy is a function of the current policy set on project funding and implementation. India is chosen as an example to apply the proposed procedure. It had been shown how the movement from the current policy to a new motivating policy for investing in such projects given the limited available fund could be achieved. Regulations on project funding and implementation were discussed in details. The decision making concept to choose the best set of regulations involving a simple as well as an efficient optimization technique was described given that information on the geographical features of the region where the solar project is to be implemented and the economic aspects of the project financial structure. The proposed technique took into consideration the presentation of regulations governing project funding and implementation as well as the sensitivity of the project's IRR to the funding regulations undergoing any planned variations in their values. To this end, the data management program responsible for arranging the data in a table format as well as performing optimization had been developed to find the best weighting factors and thus the criterion functions. From a practical point of view, it was proved that the value given to the income tax overcame the gain from the term loan and the assigned solar PV electricity tariff. Thus, when considering the combination of regulations governing project funding and implementation, the income tax would have the significant effect in a policy reform among other regulations. Such weights given to regulations would affect the investors' decision to develop/expand their new/current PV projects to meet the population growth demand for electricity with their limited local fund.
